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(57) ABSTRACT 

An apparatus and method for biasing at least one transistor 
of a Radio Frequency Digital to Analog Converter 
(RFDAC). The apparatus including a direct base current 
injection circuit for injecting a DC current Waveform 
directly into a base terminal of the transistor. 
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METHOD AND APPARATUS FOR ADDRESSING 
RECEIVE BAND NOISE PROBLEMS ASSOCIATED 

WITH THE USE OF A DIGITAL POWER 
AMPLIFIER 

FIELD OF THE INVENTION 

[0001] This present invention relates to digital polar 
modulation systems, and in particular, to a digital polar 
modulation system utilizing a poWer ampli?er circuit oper 
ating as a Digital to Analog Converter (DAC). 

BACKGROUND OF THE INVENTION 

[0002] Polar Modulation (PM) is a means of processing 
data so that it may be ef?ciently and effectively transmitted 
(by, for example, a Polar Transmitter). PM has several 
advantages over other available techniques in terms of 
achievable ef?ciency. PM makes possible the application of 
an amplitude modulation data signal at the very last stage of 
the Polar Transmitter, making it possible to reduce the 
current drain quickly as the transmit poWer level is reduced. 
In the context of handsets, for example, this has clear 
talk-time bene?ts. 

[0003] In a Polar Transmitter, the data to be transmitted is 
separated into amplitude (a) and phase signals. After 
separation, the phase signal (p) is applied to a phase modu 
lator, and the amplitude signal (a) is applied to an Amplitude 
Modulator Adigital PM, as opposed to an analog PM, 
has the advantage of a handling a high degree of digital 
content. 

[0004] One example of a digital Amplitude Modulator 
(AM) Which is utiliZed in a Polar Modulation scheme is a 
Radio Frequency Digital to Analog Converter (RFDAC). As 
described beloW, an RFDAC may be used to modulate an 
input in-phase/quad-phase (IQ) base band signal. Before the 
IQ base band signal is applied to the RFDAC, it is ?rst 
divided into phase (ap) and amplitude (am) components. The 
amplitude component (am) is subsequently quantiZed, and 
applied to the RFDAC, Whose RF input is separately modu 
lated by the phase component (ap). HoWever, the RFDAC 
has certain output receive band noise requirements. Quan 
tiZation noise from the amplitude component (a) is a poten 
tial source of noise Which must be addressed. 

[0005] FIG. 1 shoWs a polar transmitter 100 including an 
RFDAC circuit 110, and digital signal processor circuit 120. 
The RFDAC circuit 110 is controlled by a digital amplitude 
signal (am), and driven by a phase modulated RF carrier 
signal (ap) generated by the digital signal processor circuit 
120. Particularly, an input IQ base band signal (a) is ?rst 
applied to a digital signal processor 10 Which converts the 
analog IQ base band signal to digital (through Analog to 
Digital Converter (ADC) 11), and also transforms the signal 
into amplitude (am) and phase (ap) components (through 
Rectangular to Polar Converter (RPC) 12). In particular, the 
ADC 11 digitiZes the input analog signal (a), and the RPC 
12 translates the digitiZed Wave into polar coordinates. RPC 
12 outputs a digitiZed Wave in polar coordinates, Which takes 
the form R, P(sin) and P (cos), for example. In this example, 
the R coordinate represents an amplitude characteristic (am) 
of the digitiZed input Wave. The P(sin) and P(cos) coordi 
nates represent a phase characteristic (ap) of the digitiZed 
input Wave. 
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[0006] The amplitude (am) and phase (ap) characteristics 
are then transmitted through separate paths in the RFDAC 
circuit 110. The amplitude characteristic (am) of the digitiZed 
input Wave is modulated, via modulator 13, into digital 
pulses comprising a digital Word (DW) quantiZed into, for 
example, bits B0 to BN, With a Most Signi?cant Bit 
(“MSB”) to Least Signi?cant Bit (“LSB”). The DW may be 
of varying lengths in various embodiments. In general, the 
longer the DW the greater the accuracy of reproduction of 
the input analog Wave (a). 

[0007] In the exemplary embodiment shoWn in FIG. 1, the 
digital amplitude signal (am) is converted into a N-bit (e.g., 
7-bit) digital Word by signal processor 13. Each bit of the 
N-bit digital Word corresponds to a separate component 
control line am1_N (e.g., am1_7) at the output of the signal 
processor 13. Each of the component control lines am1_N are 
coupled to a separate control component 22 (e.g., sWitching 
transistors 22a_g) Which feeds into another transistor 25 (e. g., 
25a_g), Which is turned ON or OFF depending on the 
particular bit value on the control component line. For 
example, if the DW corresponding to the digital amplitude 
signal (am) is “1110000”, the ?rst three (3) transistors (e.g., 
25a_g) Will be biased ON, and the last four (4) transistors 
(e.g., 25d_g) Will be biased OFF. In this manner, the ampli 
?cation of the input analog signal (a) may be effectively 
controlled, as explained beloW. 

[0008] The digital phase signal (ap) is modulated onto a 
Wave by Way of Digital to Analog Converter (DAC) 18 and 
synthesiZer 20. The synthesiZer 20 preferably comprises a 
Voltage-Controlled Oscillator (VCO) in the exemplary 
embodiment. The synthesiZer 20 provides an output Wave, 
Which includes the phase information from the input Wave 
(a). This output Wave has a constant envelope (i.e., it has no 
amplitude variations, yet it has phase characteristics of the 
original input Wave). The output Wave may be further 
ampli?ed by ampli?er 24 before being provided to the 
plurality of transistors 25a_g on respective phase signal lines 
apm. 

[0009] Regulation of the transistors 25,_g may be accom 
plished by providing the digital Word (DW) to the control 
components (e.g., sWitching transistors 228%). Each of the 
control components 22a_g preferably comprises a transistor 
acting as a current source. The control components 22,_g are 
sWitched by bits of the DW generated from the digital 
amplitude signal (am). For example, if a bit (e.g., the bit on 
line am) of the DW is a logic “1” (e.g., HIGH), the 
corresponding control component (e.g., 22a) is sWitched 
ON, and so current ?oWs from that control component to 
respective transistor segment (e.g., 253). Similarly, if the 
same bit (e.g., the bit on line am) of the DW is a logic “0” 
(e.g., LOW), the corresponding control component (e.g., 
22a) is sWitched OFF, and so current is prevented from 
?oWing through that control component to respective tran 
sistor segment (e.g., 25a). The current from all transistor 
segments 25,_g is then combined at the respective transistor 
outputs 26a_g, and provided as an output signal (b) on output 
signal line 27. Thus, by controlling the value of the DW, the 
ampli?cation of the digital phase signal (ap) may be accu 
rately controlled using the digital amplitude signal (am), 
thereby alloWing reproduction of an ampli?ed version of the 
input analog signal (a) at the output of the RFDAC circuit 
110. 



US 2006/0055573 A1 

[0010] The conventional approach to improving receive 
band noise performance in the RFDAC is to introduce a 
radiofrequency (RF) ?lter, With suitable rejection in the 
receive frequency band, at the polar transmitter output (i.e., 
at a position doWnstream from the RFDAC). Inevitably, 
such a ?lter Will have signi?cant insertion loss in the 
transmit band, and hence, in order to maintain the desired 
overall transmit poWer level at the antenna, the poWer 
delivered from the poWer ampli?er (e.g., RFDAC) to the RF 
?lter must be increased accordingly. This increase in trans 
mit poWer level demands an increase in current drain and 
hence the overall ef?ciency degrades. 

[0011] Thus, there is presently a need for a polar trans 
mitter (including an RFDAC) Which has good receive band 
noise performance along With increased ef?ciency. 

SUMMARY OF THE INVENTION 

[0012] An exemplary embodiment of the present inven 
tion comprises a circuit including at least one ?rst transistor, 
Wherein a base terminal of the transistor is coupled to a 
signal line for transmitting a radiofrequency Waveform to 
the base terminal, and a direct base current injection circuit 
for injecting a DC current Waveform directly into the base 
terminal of said transistor. 

[0013] An exemplary embodiment of the present inven 
tion also comprises a method for biasing at least one 
transistor, including applying a radiofrequency signal at a 
base terminal of the at least one transistor, injecting a DC 
current Waveform directly into the base terminal of the at 
least one transistor. 

[0014] An exemplary embodiment of the present inven 
tion also comprises a circuit including a digital processing 
circuit coupled to an input terminal for converting an analog 
signal into at least tWo digital signals, at least one of said 
digital signals comprising an amplitude signal, and at least 
one of said digital signals comprising a phase signal, a 
converter for converting the at least one amplitude signal 
into a N-bit digital Word, and a digital to analog circuit for 
applying the N-bit digital Word to the phase signal, said 
digital to analog circuit comprising at least one transistor, 
Wherein a DC current Waveform is directly injected into a 
base terminal of the at least one transistor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 shoWs a conventional polar transmitter 
including an RFDAC circuit. 

[0016] 
[0017] FIG. 2(b) shoWs a bias circuit according to an 
exemplary embodiment of the present invention. 

[0018] FIG. 3 shoWs a graph of transistor collector current 
over time for the bias circuit shoWn in FIG. 2(a). 

[0019] FIG. 4 shoWs a graph of transistor collector current 
over time for the bias circuit shoWn in FIG. 2(b). 

FIG. 2(a) shoWs a conventional bias circuit. 

DETAILED DESCRIPTION 

[0020] The present invention comprises, in one exemplary 
embodiment, an apparatus for interfacing base band ?ltering 
With a Radio Frequency Digital to Analog Converter 
(RFDAC) for achieving optimal receive band noise suppres 
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sion. Base band ?ltering of the amplitude signal on compo 
nent signal lines of the RFDAC (am1_7) prior to their 
application to the transistor segments (e.g., transistors 25,_g 
shoWn in FIG. 1) of the RFDAC eliminates the requirement 
for an RF ?lter at the output of the RFDAC. Such base band 
?lters can be realiZed at loW cost, and With loW associated 
current drain. 

[0021] Direct Base Current Injection (DBCI) of the ?l 
tered base band control signals applied to the transistors 
(e.g., transistors 258g) of the RFDAC is proposed. In order 
that the bene?ts of the base band ?ltering are realiZed at the 
receive band frequency offsets in the RF domain, the base 
band to RF transfer characteristic of the transistor segments 
(e.g., am1_7) must be as linear as possible. A linear transfer 
characteristic ensures that the base band ?ltering maps Well 
to the RF domain. 

[0022] For purposes of comparison, FIG. 2(a) shoWs a 
conventional bias circuit 200 Which may be used to control 
the operating bias point of the individual transistor segments 
of an RFDAC (e. g., transistors 25,_g shoWn in FIG. 1). If the 
?ltered base band Waveforms are applied to the bases of the 
transistor segments (e.g., 258%) of the RFDAC via such a 
bias circuit, Where a reference voltage signal Vref is applied 
to a reference voltage terminal 201 of the bias circuit 200, 
the linearity of the base band to RF transfer characteristics 
are constrained as shoWn in FIG. 3 (i.e., the response curves 
do not become linear until approximately sixty (60) nano 
seconds (ns) have passed, Which is the approximate time it 
takes an applied reference voltage ramp (Vref) to reach a 
threshold of approximately 2*Vbe and thus induce a current 
in transistor 230, Where Vbe is the base-emitter voltage of the 
transistor 230). To overcome this, an offset is required in Vref 
to ensure that the transistor (e.g., transistor 230) responds 
sooner. The optimum amount of offset varies depending on 
the instantaneous operating conditions of the RFDAC. HoW 
ever, Where a reference current ramp is applied directly to 
the base of a transistor (e.g., transistor 230), the base band 
to RF transfer characteristics are more linear, as shoWn in 
FIG. 4. 

[0023] The bias circuit 200 includes a ?rst transistor 210 
With its base, coupled to a reference voltage terminal Vref, a 
second transistor 220 With its collector terminal also coupled 
to Vref, and a third transistor 230 With its base connected to 
an input radio frequency signal. In this schematic, the third 
transistor 230 represents each transistor segment (e.g., tran 
sistors 258g) of the RFDAC (i.e., the bias circuit 200 Will 
provide a biasing signal to each of the transistors 25a_g of the 
RFDAC dependent on the input level of Vref). 

[0024] The bias circuit 200 also includes a ?rst input 
resistor 202 coupled betWeen the reference voltage terminal 
201 and the ?rst and second transistors 210, 220. A voltage 
source 207 is coupled to the collector of the ?rst transistor 
210 for providing the base currents for the second and third 
transistors 220, 230. An input resistor 206 is coupled to the 
base of the third transistor 230 to limit the current applied to 
the base, and hence enhance the thermal stability of the 
design. 

[0025] In a conventional bias scheme, a voltage (Vref is 
applied at the reference voltage terminal 201 Which initiates 
a reference current Iref in the collector of second transistor 
220. Particularly, Iref Will equal Vref less the base-emitter 
voltage drops (Vbezlo, Vbezzo) associated With the ?rst and 
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second transistors 210 and 220, divided by the value of the 
input resistor 202. The bias circuit 200 acts in such a Way 
that the reference current Iref is mirrored at the collector of 
the third transistor 230. This mirrored collector current IC 
Will be approximately equal to K* Imf, Where K is a scaling 
factor de?ned as the geometric ratio of the area of the third 
transistor 230, to the area of the second transistor 220. The 
?rst transistor 210 is typically referred to as a ‘Beta helper’ 
device, and is included in the bias circuit 200 to make the 
mirrored collector current IC=K* I approximation more 
accurate. 

[0026] FIG. 3 is a graph shoWing the time domain 
response of transistor collector current (Io) in Amps (A) in 
response to a linear base band voltage ramp signal (Vref) 
applied at the reference voltage terminal 201 of the bias 
circuit 200. FIG. 3 represents the base band to RF charac 
teristic associated With the bias circuit 200 using a conven 
tional biasing scheme. 

[0027] FIG. 3 shoWs simulated RF collector current 
response curves “OFF” and “ON” When a linear voltage 
ramp signal (Vref) is applied at the reference voltage termi 
nal 201 of the above-described bias circuit 200. The 
response curves represent the RF component of the collector 
current (Io) of the third transistor 230 in response to the 
voltage ramp (Vref) signal at the reference voltage terminal 
201. The tWo response curves shoWn in FIG. 3 (e.g., “OFF” 
and “ON”) correspond to different loading conditions asso 
ciated With the other transistor segments of the RFDAC. 

[0028] For the example shoWn in FIG. 3, the OFF curve 
corresponds to the base band to RF characteristic When only 
one transistor segment (e.g., 25a in FIG. 1) is being ramped 
from OFF to ON (i.e., a digital Word “0000000” to 
“0000100”), With all other segments (e.g., 25th? being OFF 
throughout. The ON curve corresponds to the base band to 
RF characteristic When only one transistor segment (e.g., 25a 
in FIG. 1) is being ramped from OFF to ON (i.e., a digital 
Word “1111011” to “1111111”), With all other segments (e.g., 
25k»? being ON throughout. 
[0029] As shoWn in FIG. 3, the RF collector current in the 
third transistor 230 does not respond until such a time as 
When the applied voltage (Vref) at the reference voltage 
terminal 201 is suf?cient to turn ON all three transistors 
210-230 of the bias circuit 200. This condition is achieved 
When the applied reference voltage (Vref) at the reference 
voltage terminal 201 reaches 2*Vbe, Where Vbe is the turn-on 
base-emitter voltage for the particular transistors (e.g., tran 
sistors 210-230) used. 
[0030] When operating the bias circuit 200 as described 
above (i.e., using a reference voltage Vref), the expected RF 
collector current response becomes sensitive to variations in 
the loading effects from other transistors (segments) of the 
RFDAC. In particular, the precise base band voltage Where 
the collector current starts to respond varies depending on 
the biasing condition of other transistors (segments). This 
means that the base band to RF transfer characteristic of a 
given transistor (segment) is a function of the state of the 
other transistors of the RFDAC. This, in turn, means that 
base band to RF transfer characteristic varies With time 
under modulation. The impact of this is that the realiZation 
of ideal receive band noise suppression is not possible When 
operating the bias circuit 200 in this manner. 

[0031] Rather than utiliZing a reference voltage Vref 
applied to a reference voltage terminal 201 of the bias circuit 

ref 
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200 to generate a collector current IC in the third transistor 
230, a current may be directly injected into the base of the 
third transistor 230. The present inventors refer to this 
method of biasing herein as Direct Base Current Injection 

(DBCI). 
[0032] FIG. 2(b) shoWs a bias circuit 300 using DBCI. 
The bias circuit 300 includes only an input resistor 306, 
through Which a bias current is injected (as opposed to being 
generated from an applied reference voltage Vref) into a 
transistor base terminal. The input resistor 306 is coupled to 
the base of a transistor 330 (similar to input resistor 206 in 
the bias circuit 200 described above), to enhance the thermal 
stability of the design. As With the conventional bias circuit 
200 described above, the transistor 330 represents each 
transistor segment (e.g., transistors 258g) of the RFDAC. 
The injected current may be generated by a current source 
(not shoWn), or other equivalent current generating means. 

[0033] FIG. 4 shoWs a time-domain response of transistor 
collector current (° C.) in Amps (A) in response to a linear 
base band current ramp signal applied directly at the base of 
the transistor 330 of the bias circuit 300 (rather than apply 
ing a reference voltage Vref at the reference voltage terminal 
201 in the bias circuit 200 to initiate the collector current IC 
in the third transistor 230). This represents the base band to 
RF characteristic associated With biasing the transistor 330 
via Direct Base Current Injection (DBCI). 

[0034] Applying this principle to the RFDAC circuit 110 
shoWn in FIG. 1, a more optimal method to apply the ?ltered 
amplitude (am) data Waveforms (e.g., the signals on com 
ponent lines am1_7 in FIG. 1) to the transistor segments (e. g., 
transistors 25,_g in FIG. 1) of the RFDAC is to deliver these 
Waveforms in current mode directly into the bases of the 
individual transistors (segments) (e.g., transistors 253g), 
rather than using a conventional reference voltage (Vref) 
biasing, as described above With reference to FIG. 3. 

[0035] Given that it is the output RF collector current (e. g., 
Ic) of the transistor segments (e.g., transistors 25,_g in FIG. 
1) that requires ?ltering, a good Way to control this Wave 
form accurately is by means of the base currents of the same 
transistor devices (e.g., transistors 25a_g). Conceptually, by 
applying a ?ltered version of the digital amplitude base band 
current Waveform into the base of a segment transistor (e.g., 
one of transistors 25a_g), the DC collector Waveform should 
track the applied ?ltered base band Waveform in line With 
the DC Beta parameter of the particular transistor segment. 
DC Beta may be de?ned as Ic/Ib, Where IC is the DC collector 
current of the particular transistor and Ib is the DC base 
current applied to the transistor. 

[0036] Under RF drive, the relationship betWeen the DC 
and RF components of the collector current for each tran 
sistor (segment) is a complex function. HoWever this rela 
tionship betWeen DC and RF components is close to linear 
for the operating conditions of interest. Accordingly, by 
?ltering the base current (e.g., Ib) ?oWing into the base of 
each of the RFDAC transistors segments (e.g., transistors 
25a’g in FIG. 1; transistor 330 in FIG. 2(b)), the associated 
RF collector current Waveform (e. g., Ic) is effectively ?ltered 
in a similar manner. 

[0037] FIG. 4 shoWs the simulated RF collector current 
response curves Where a linear base current ramp signal is 
injected directly into the base of one or more of the transistor 
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segments (e.g., 258g) of the RFDAC. Again as discussed 
above, the tWo curves “OFF” and “ON” indicate the sensi 
tivity of the RF current response to changes in the loading 
effects due to other segments of the RFDAC being either ON 
or OFF. 

[0038] For example, the OFF curve in FIG. 4 corresponds 
to the base band to RF characteristic When only one tran 
sistor segment (e.g., 25a in FIG. 1) is being ramped from 
OFF to ON (i.e., a digital Word “0000000” to “0000100”), 
With all other segments (e.g., 25b_g) being OFF throughout. 
The ON curve in FIG. 4 corresponds to the base band to RF 
characteristic When only one transistor segment (e.g., 25a in 
FIG. 1) is being ramped from OFF to ON (i.e., a digital Word 
“1111011” to “1111111”), With all other segments (e.g., 
25k»? being ON throughout. 
[0039] It is clear on comparing the responses in FIGS. 3 
and 4 that the base band to RF transfer characteristic 
associated With the DBCI bias circuit 300 (i.e., FIG. 4) is 
preferable to that associated With the conventional bias 
circuit 200 using a reference voltage mode approach, for the 
folloWing reasons: 

[0040] 1. For a given loading condition due to other 
segments, the DBCI characteristic is more linear; and, 

[0041] 2. The variation betWeen characteristics for dif 
ferent loading effects (i.e., sensitivity to state) is less for 
DBCI. 

[0042] There are other, non-performance-related, bene?ts 
also associated With the use of DBCI as the control scheme 
for the RFDAC. For eXample, the need for bias circuits for 
the RFDAC transistors (segments) no longer arises, and this 
leads to an area saving in the die layout. Moreover, the 
elimination of the bias circuits means that the associated 
current drain not directly injected into the segment base is 
eliminated and this leads to a fundamentally more ef?cient 
solution overall (in the conteXt of the conventional voltage 
mode operation). 

[0043] Although the invention has been described in terms 
of exemplary embodiments, it is not limited thereto. Rather, 
the appended claims should be construed broadly to include 
other variants and embodiments of the invention Which may 
be made by those skilled in the art Without departing from 
the scope and range of equivalents of the invention. 

1. (canceled) 
2. The circuit of claim 3, Wherein the DC current Wave 

form is ?ltered so as to provide a substantially linear 
collector current in the at least one ?rst transistor. 

3. A circuit comprising: 

at least one ?rst transistor, Wherein a base terminal of said 
transistor is coupled to a signal line for transmitting a 
radiofrequency Waveform to the base terminal; and, 
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a direct base current injection circuit for injecting a DC 
current Waveform directly into the base terminal of said 

transistor, 

Wherein the at least one ?rst transistor comprises a 
plurality of transistors, each having a DC current Wave 
form injected at its base terminal. 

4. The circuit of claim 3, Wherein the injected DC current 
Waveform produces a linear collector current at a collector 
terminal of the at least one ?rst transistor. 

5. A method for biasing a plurality of transistors, com 
prising the steps of: 

applying a radiofrequency signal at a base terminal of 
each of the plurality of transistors; and, 

injecting a DC current Waveform directly into the respec 
tive base terminals of each of the plurality of transis 
tors. 

6. The method of claim 5, Wherein the DC current 
Waveform is ?ltered so as to provide a substantially linear 
collector current in the at least one transistor. 

7. The method of claim 5, comprising the further step of: 

generating a substantially linear collector current at a 
collector terminal of the at least one ?rst transistor. 

8. A circuit comprising: 

a digital processing circuit coupled to an input terminal 
for converting an analog signal into at least tWo digital 
signals, at least one of said digital signals comprising 
an amplitude signal, and at least one of said digital 
signals comprising a phase signal; 

a signal processor for converting the at least one ampli 
tude signal into a N-bit digital Word; and, 

a digital to analog circuit for applying the N-bit digital 
Word to a processed version of the phase signal, said 
digital to analog circuit comprising at least one tran 
sistor, Wherein a DC current Waveform is directly 
injected into a base terminal of the at least one tran 
sistor. 

9. The circuit of claim 8, Wherein the injected DC current 
Waveform produces a linear collector current at a collector 
terminal of the at least one transistor. 

10. The circuit of claim 8, Wherein the at least one 
transistor comprises a plurality of transistors, each having a 
DC current Waveform injected at its base terminal. 

11. The circuit of claim 8, Wherein the DC current 
Waveform is ?ltered so as to provide a substantially linear 
collector current in the at least one transistor. 


